.
Recently Lieb rigorously proved [2] [1] with the boundary conditions , Here x, gi(x) and xo are the dimensionless coordinate, the electrostatic potential and the ion radius respectively.
Previously we have shown [3] that the statistical potential of the ion may be found in the form of a functional series expansion where the À 2 = qx 3 parameter has a simple physical meaning, namely, it is proportional to the product of an ion volume with its excess positive charge.
It is easy to show that the energy, as many other properties of an ion within the TF theory, may be written as a series in the parameter A. Indeed, using an explicit expression of the ion binding energy [1] and substituting the expansion (3) we obtain (in atomic units) , Eq. (4) has the form of an energy expansion in reciprocal power series of the effective charge, aN playing the part of the screening parameter. For a = 0, this expression assumes the form of well known Z perturbation theory [3a] March and White [4a] were the first to obtain the expression of nonrelativistic binding energy in the form (5) The values of an (n = 0, 1, 2) were presented earlier in [3a, b] . The value of a3 is given here for the first time. The investigation of the convergence of expansion (5) up to the value of NIZ = 1 is of great importance. It is a strong argument for the convergence of this expansion for ions with values of NIZ sufficiently close to 1, that the solution (3) on which expansion (5) is based correctly allows for both singular points of the TF equation for an ion and coincides with Baker's series at x -+ 0 and with the expansion first obtained by Kobayashi [5] at x -xo (1) A limit for the neutral atom requires a special consideration. Nevertheless, expansion (5) (1) The problem whether the combination of these two semiconvergent series proposed by March [4b] [3b] Here 0 p 1 is a degree of filling the last shell; expression (8) takes into account both shell effects and corrections for inhomogeneity of the electron density.
The inclusion of electron interactions leads to the necessity of summing over multiparticle diagrams which can be performed only numerically. However, Scott [6] showed that a good analytical approximation of the neutral atom binding energy may be obtained with inclusion of an exchange interaction within the TF theory. It is easy to obtain an expression for the ion exchange energy in a series in N/(Z -aN), using a similar approach
At a = 0 we recover the expansion of Z -1 perturbation theory [3b] with the following values of bn :
The first two coefficients are given in [3b] ; the accurate value of b2 is given here for the first time. It markedly differs from 0.007 7 used by March [4b] Thus Expression (9a) describes well even an exchange energy of a neutral atom [6] ; the error in this case is -0.3 %.
Combining eq. (7), (8) and (9a) we obtain an ana- We obtain a simple and convenient formula for the calculation of Ec(N, Z) using an explicit dependence r2 &#x3E; and xo on N found in [8] and [3a] As can be seen from figure 1, eq This expression reproduces fairly well the data of Clementi [7b] for the correlation energy of a neutral atom at B = 0.083..As is seen from figure 1 , the error does not exceed 10 % in the range of Z from 10 to 18, the deviation evidently indicating an appreciable contribution from the oscillation effects.
